Summary Persistence with osteoporosis therapy remains low and identification of factors associated with better persistence is essential in preventing osteoporosis and fractures. In this study, patient understanding of dual energy X-ray absorptiometry (DXA) results and beliefs in effects of treatment were associated with treatment initiation and persistence. Introduction The purpose of this study is to examine patient understanding of their DXA results and evaluate factors associated with initiation of and persistence with prescribed medication in first-time users of antiosteoporotic agents. Self-reported DXA results reflect patient understanding of diagnosis and may influence acceptance of osteoporosis therapy. To improve patient understanding of DXA results, we provided written information to patients and their referring general practitioner (GP), and evaluated factors associated with osteoporosis treatment initiation and 1-year persistence. Methods Information on diagnosis was mailed to 1,000 consecutive patients and their GPs after DXA testing. One year after, a questionnaire was mailed to all patients to evaluate self-report of DXA results, drug initiation and 1-year persistence. Quadratic weighted kappa was used to estimate agreement between self-report and actual DXA results. Multivariable logistic regression was used to evaluate predictors of understanding of diagnosis, and correlates of treatment initiation and persistence. Results A total of 717 patients responded (72%). Overall, only 4% were unaware of DXA results. Agreement between self-reported and actual DXA results was very good (κ=0.83); younger age and glucocorticoid use were associated with better understanding. Correctly reported DXA results was associated with treatment initiation (OR 4.3, 95% CI 1.2-15.1, p=0.02), and greater beliefs in drug treatment benefits were associated with treatment initiation (OR 1.4, 95%CI 1.1-1.9, p=0.006) and persistence with therapy (OR 1.8, 95% CI 1.2-2.7, p=0.006). Conclusion Our findings suggest that written information provides over 80% of patients with a basic understanding of their DXA results. Communicating results in writing may improve patient understanding thereby also improve osteoporosis management and prevention.
Introduction
Therapeutic interventions to prevent osteoporosis-related fractures require long-term therapy. Unfortunately, adherence with osteoporosis pharmacotherapy is a continuing challenge [1] [2] [3] [4] , and failure to adhere to treatment recommendations increases the risk of fragility fracture [5] . The extent of non-persistence varies, but in a metaanalysis of studies, assessing database-derived persistence rates in users of bishosphonates, as few as 46% (95% CI 38-55) persisted with treatment beyond 12 months [6] .
Reasons for low persistence are multifactorial and include out-of-pocket costs of medication, difficulties with treatment regimen, side effects, and the asymptomatic nature of osteoporosis [7, 8] . The relative importance of these factors may vary across countries and healthcare programs.
Denmark has national health (Danish National Board of Health) and pharmacy (Danish Medical Agency) benefit programs [9] . These programs include access to primary care medical services free of charge and partial coverage for prescription drugs listed in the National formulary. Dual x-ray absorptiometry (DXA) is also covered upon physician referral according to National reimbursement guidelines (Fig. 1) . Therapeutic options for treating osteoporosis in Denmark include bisphosphonates, raloxifene, strontium ranelate, and parathyroid hormone (PTH) agents. However, specific criteria are required to receive reimbursement by The Danish Medicines Agency: (1) prior fragility fracture, (2) bone mineral density (BMD) T-score ≤2.5, or (3) T-score ≤1 and long-term glucocorticoid treatment. Those meeting these criteria pay less than half of their prescription costs and reimbursement is automatically calculated at the pharmacy regardless of personal income. The citizens do not pay any special contributions to this scheme as it is financed through taxes. Since access to DXA examination is free and osteoporosis medication is affordable, these parameters cannot be considered modifiable barriers to diagnostics and treatment. Therefore, within the context of care in Denmark, the most important barriers to successful treatment of those identified with osteoporosis and recommended pharmacotherapy, are problems with adherence (compliance and persistence). In spite of universal healthcare, osteoporosis is markedly underdiagnosed and undertreated in Denmark [10] . Other countries with similar healthcare systems, such as Canada [11] and Germany [12] report similar problems. Although a number of studies have identified patient persistence with pharmacotherapy as a major problem in osteoporosis management [6] , few studies have aimed at identifying predictors of non-persistence or causes of treatment cessation [13] , particularly in considering possible modifiable factors such as patient beliefs about osteoporosis treatment benefits and understanding of results of DXA results.
Self-report of DXA results reflect the patients' understanding of information provided to them from the clinic and any modifying influence provided by their subsequent consultation with their general practitioner (family doctor, GP). Regrettably, prior studies have showed at best only moderate agreement between self-reported and actual DXA results [14, 15] . This is unfortunate for two reasons. First, failure to successfully convey an abnormal test result could lead the patient to failing to initiate and/or adhere to treatment and therefore place the patient at increased risk of fracture. Second, failure to successfully convey a normal test result can lead to false impression of illness and potentially impact on quality of life. However, clear strategies aimed at improving accurate knowledge transfer of DXA results between practitioner and patient remains to be defined [16] .
Risk factors
One of following criteria must be met:
• DXA-scanning performed
DXA-dependent criteria
• BMD T-score <-2.5
• BMD T-score <-1 and glucocorticoid treatment >5 mg/day > 3 months.
Specific reimbursement: (bisphosphonate): >50 % of costs.
DXA-independent criteria
• X-ray verified fragility fracture of hip or spine. We therefore set out to improve patient understanding of DXA results by providing standardized written information about diagnosis and treatment recommendations to patients and referring GPs. We then compared DXA results at baseline to self-report of results 1 year after (questionnaire), and also examined factors associated with treatment initiation and 1-year persistence. We hypothesized that patient self-report of DXA results would be good, and as previously identified [17] would correlate with treatment initiation. We also hypothesized that higher perceived benefits of osteoporosis pharmacotherapy would be associated with treatment initiation and persistence with therapy.
Methods

Patients
We identified 1,000 consecutive patients (men and women) referred for osteoporosis screening to a newly established publicly funded Danish osteoporosis clinic in the period 1 January 2005 to 28 March 2006. Patients had been referred for DXA scanning by their GP according to local guidelines [18] . All referrals were reviewed by an endocrinologist to assure the necessity of DXA examination, and all patients met the defined referral criteria. No patients were excluded from the initial identification process. Information on risk factors, medical history, alcohol consumption, and smoking history were obtained from the patient by the technologist in the form of a self-administered questionnaire at the time of DXA exam. Scanning was performed using the same dual energy X-ray absorptiometry machine (Hologic Discovery A). An osteoporosis specialist (endocrinologists: BA, PE) reviewed the DXA results and risk factor profile, entered these data into a database (approved by the data protection agency) and diagnosed patients based on lowest T-score of the femoral neck and the anterior posterior lumbar spine, and presence of low-energy fractures as: (1) osteoporosis [19] (T-score ≤2.5 and/or one or more low-energy fractures regardless of Tscore), (2) osteopenia (T-scores between −2.5 and −1 SD), or (3) normal (T-score values above −1 SD).
Information letters
Standardized information letters (see Appendix) were mailed to patients and identical information was communicated electronically to referring GP shortly after DXA examination. Patients did not receive any verbal information or treatment advice. The letters included diagnosis based on DXA results, as well as individual treatment and lifestyle recommendations. The personalized information related to their reported risk factor profile. For example, information about the importance of smoking cessation was given to smokers only, and information on avoiding lifting heavy burdens only to patients with osteoporosis. All patients were encouraged to discuss the results with their GP, and those with osteoporosis were specifically encouraged to talk with their GP in order to initiate recommended treatment. The process did not involve any personal contact between the patient and the osteoporosis specialist.
Questionnaire
One thousand patients surviving to 1 year past their DXA exam were mailed a questionnaire and a self-addressed return envelope. Patients who were examined for the first time (88.4%) as well as patients who had more than one DXA (11.5%) were included. The questionnaire included multiplechoice questions about DXA test results (osteoporosis, osteopenia, or normal), health status, follow-up with referring physicians, current and past osteoporosis treatment, and among those reporting to have stopped pharmacotherapy, reasons for discontinuation. The questionnaire also included a Danish translation of a multi-item scale designed to measure patient perception regarding osteoporosis pharmacotherapy [20] . Replies were accepted only in writing and reminders were not used.
Outcome
We defined anti-osteoporotic drug initiation in this study as the reported use of one or more doses of any oral antiosteoporotic drugs including bisphosphonates (alendronate, etidronate, ibandronate, risedronate), raloxifene, strontium ranelate, or PTH agents by a patient who had been recommended treatment initiation by the osteoporosis specialist. Persistence was defined by patients reporting to be taking their medication at the time of follow-up irrespective of interruptions in treatment.
Covariates
Patient demographics (age, gender) and risk factors (current smoking, current glucocorticoid treatment, family history in first-degree relative, and prior fragility fracture) were determined by self-report at the time of DXA examination. Information on correctly reported DXA results by selfreport, and beliefs about osteoporosis treatment and selfreported health status were obtained by follow-up questionnaire 1 year after DXA examination. Confirmatory factor analysis supported the five-item osteoporosis drug treatment benefits scale structure as previously published [20] when completed among the full sample of respondents. However, when restricted to the subgroup with osteoporosis, confirmatory factor analysis suggested that splitting the five-item treatment benefits domain into one three-item scale measur-ing perceptions about drug benefits, and two individual items that examine whether a patient would consider treatment was a better fit. We therefore examined patient perceptions about drug benefits as a three-item scale, quantified as Z-scores. The three items that comprise the scale, translated from Danish into English were: (1) medications can build strong bones, (2) I would feel good about taking medications against osteoporosis, and (3) medical treatments can reduce the risk of broken bones. As confirmed by scale structure in our analysis, we also included two individual items that examine potential barriers to pharmacotherapy. These were measured based on agreement (agree or strongly agree) with the individual items.
Statistical analysis
Relationships between categorical variables and respondents/ non-respondents were assessed using chi-squared or t test statistics. Descriptive statistics were used to compare risk factor prevalence. We used quadratic-weighted kappa statistics (values below 0.61 indicate from no to fair agreement, between 0.61 and 0.80 indicate good agreement, between 0.81 and 0.92 indicate very good agreement, and between 0.93 and 1.00 indicate excellent agreement) [21] to assess the agreement between self-reports of diagnosis and actual DXA results, each categorized as osteoporosis, osteopenia, or normal. Correlates of correct self-report of DXA results, osteoporosis treatment initiation, and persistence were evaluated by multivariable logistic regression. Given small sample sizes when studying correlates of treatment initiation and persistence, we restricted adjusted analyses of these outcomes to include covariates with p value <0.2 in unadjusted logistic results.
Results
Characteristics of the total study sample Of 1,000 patients who had DXA scans performed and survived to 1 year, 717 responded to the questionnaire (Table 1) . Respondents were similar to non-respondents in age, sex, and diagnosis. However, non-respondents were more likely to be smokers (32.8% vs. 24.4%, p= 0.007) and less likely to have a family history of osteoporosis (31.1% vs. 40.7%, p=0.005). Also, more non-respondents received glucocorticoid treatment though this difference was not statistically significant (12.3% vs. 16.6%, p=0.07).
Self-report of DXA results
Results of self-report compared to actual DXA-result are tabulated in Table 2 . Excluding patients who did not know their DXA results (n=31) a According to WHO-criteria: ≤2.5 SD osteoporosis; −2.5 to −1 SD osteopenia; ≥1 SD normal BMD [15] Of all patients, 4% (n=31) were completely unaware of their DXA results and excluded from the analysis. Agreement between self-reported and actual DXA results was very good (κ=0.83). Of patients with osteoporosis and osteopenia, 80% correctly reported their diagnosis. Patients with a normal BMD reported correct diagnosis in 86% of all cases. Thus, differences in results of self-report were not related to severity of diagnosis (p=0.4).
Correlates of correct understanding of DXA results included younger age (OR=0.97, 95% CI=0.95-0.99) and glucocorticoid treatment (OR=2.18, 95% CI=1.13-4.21; Table 3 ).
Proportion of patient-recommended treatment
Initiation and persistence with therapy
Of the 1,000 patients tested, 288 patients were identified as osteoporotic (T-score ≤2.5 of either hip or spine), and 137 patients were treatment naïve and not called in for further assessment; making them eligible, Fig. 2 . Of the 137 eligible respondents recommended treatment, 121 (83%) initiated treatment: 91% with a bisphosphonate, 8% with strontium ranelate and <1% with teriparatide. One patient did not report type of osteoporosis pharmacotherapy. Of 121 patients beginning oral osteoporosis treatment after DXA, seven patients did not disclose whether they were still on treatment and thus were excluded from the analyses. Of the remaining 114 patients, 12 (11%) reported discontinuation of therapy and nine patients (75%) had stopped due to side effects.
In adjusted analysis, only correctly responding diagnosis as osteoporosis (OR 4.3, 95% CI 1.4-15.1) and higher perceived drug benefits scores (OR 1.5, 95% CI 1.1-1.9) were significantly associated with treatment initiation, Table 4 . Higher perceived treatment benefits were also significantly associated with persistence with therapy (OR 1.8, 95% CI 1.2-2.7).
Sensitivity analysis
Twenty-five percent (n=71, Table 1 ) of patients did not respond to our questionnaire, leading to a relative overrep- Did not begin pharmacotherapy (n=22) Fig. 2 Study chart: initiation and 1-year completion of osteoporosis pharmacotherapy in respondents recommended osteoporosis treatment; *e.g., vitamin D deficiency, hypogonadism, and suppressed TSH resentation of patients with a family history of osteoporosis. Records showed that 44 non-respondents had been recommended treatment. In a sensitivity analysis, assuming that none of these patients initiated treatment would change our observed results of 83% initiating treatment to 64% (121/ 190). Similarly, the worst-case scenario in terms of persistence whereby all 44 non-respondents began and prematurely stopped pharmacotherapy would lead to an overall persistence of 64% (102/159).
Discussion
Better patient understanding of diagnosis following DXA examination has previously been linked to higher treatment rates and better adherence with the recommended treatment [15, 22, 23] . This is an important concern as poor refill compliance is associated with significantly higher risk of fractures [24] . We contacted 1,000 consecutive patients who had been examined by DXA in a publicly funded Danish osteoporosis clinic 1 year after the assessment. According to a new clinical strategy, patient and patients' referring physician had received only mailed standardized information on diagnosis and treatment recommendations following DXA exam, a process without any verbal communication between the patient and the osteoporosis specialist. Patients also received personalized advice in writing (smoking cessation, avoid heavy lifting, etc.) tailored to their diagnosis and risk factor profile. Our study revealed very good agreement between selfreport and actual diagnosis, contrasting with prior investigations showing at best moderate agreement [14] . In our study, only one patient with osteoporosis had perceived results as normal, but uncertainty did exist on the subject of osteopenia. Predictors of correct understanding included younger age and current glucocorticoid use. We were encouraged to find that of all respondents, only 4% were not aware of DXA results, fewer than reported by other c Based on responses to three items on a five-point scale from strongly agree to strongly disagree: "Medical treatment can reduce the risk of broken bones", "I would feel good about taking medications for osteoporosis", "Medication can build strong bones". Higher scores indicate stronger beliefs in the benefits of osteoporosis pharmacotherapy investigators assessing self-report after bone densitometry, where results were not communicated in writing to the patient and GP [14] [15] [16] 25] . Communication between healthcare system, patient and family physicians is essential to the delivery of health care and correlated to patient knowledge of the diagnosis and compliance with subsequent treatment [14] . Conveying the diagnosis and treatment recommendations in writing may serve the additional purpose of providing the family physicians with additional background knowledge on osteoporosis management, which is commonly perceived to be difficult [26] [27] [28] . This is supported by prior research indicating that direct disclosure of BMD results to the patients and GP lead to increased knowledge of BMD status [29] . Also, clinical reporting of results of bone densitometry to primary care physicians has been shown to increase use and understanding of bone densitometry and affect management of osteoporosis [30] . To our knowledge, no previous controlled studies have been conducted in Denmark in the field of osteoporosis treatment, written information letters and adherence. Multidisciplinary patient education in groups increased knowledge on osteoporosis in a previous Danish study but effects on adherence to treatment was not evaluated in this work [31] . In a Danish study on adherence to asthma medication use in patients with asthma, also a chronic condition, beliefs in effects of treatment was also found to be important for adherence. This is further supported by Horne et al. [32] who found patient perception of the balance between the necessity for the medication and concerns over its use to be a powerful predictor of adherence with treatment.
In the follow-up of 137 treatment-naïve osteoporosis patients, we found that drug initiation was significantly linked to perceived treatment benefits and patient understanding of DXA results. We further document that higher perceived benefits of osteoporosis pharmacotherapy was associated with persistence with therapy. Unadjusted results identified that agreement with the statement "I have stomach problems that limit the types of medicines I can tolerate" was negatively associated with persistence (OR=0.15, 95%CI 0.04-0.56, p=0.004). Although this association lost statistical significance after adjusting for other factors, the dominating reason for discontinuing treatment in this study was side effects, and our results are limited by lack of statistical power as we studied a small sample of patients and few reported to have stopped osteoporosis treatment. We therefore believe that side effects, and in particular, gastrointestinal tolerability may be an important contributing factor related to treatment persistence [33] [34] [35] [36] .
Our study is limited by including only a single DXA testing facility in a well-educated area of Denmark. We also excluded patients with osteopenia treated with glucocorticoids from our analysis that examined predictors of treatment initiation and persistence with therapy, yet these patients are recommended osteoporosis treatment. We are also limited by lack of control group, and by a small sample size of patients who discontinued treatment. Nonetheless, our study supports prior investigations of the critical importance of patient understanding of DXA results, a possibly modifiable factor in improving subsequent adherence to treatment [15] . Further analysis of perception of osteoporosis treatment is needed, as there may be other possible benefits and barriers to treatment that we did not include.
Persistence with osteoporosis treatment declines rapidly during the first 2 years of therapy [4, 37] . Strategies to improve adherence with therapy may reduce the burden of osteoporosis. We document that a modifiable factor, higher patient perceptions about the benefits of osteoporosis pharmacotherapy, is associated with treatment initiation and adherence to therapy. The benefits of written communication should be further evaluated in a randomized controlled trial and supplementary work is needed to confirm our findings. Interventions to improve patient perceptions about the benefits of pharmacotherapy may translate into better osteoporosis management.
In conclusion, our results confirm the critical importance of patient understanding of DXA results and improved communicative strategies, first for patients to understand that they need treatment, and also to convey the message about the critical importance of continued treatment. Engaging the general practitioner in communicating benefits of treatment may influence positively on the much needed improvements in adherence with pharmacotherapy and thus fracture prevention.
According to the information given to us, your risk factors for osteoporosis were the following Smoking.
Comments to you from the doctor
The bone density is reduced to a degree corresponding to osteoporosis (bone fragility). Your risk of suffering a bone fracture within the next 10 years was estimated to about 10%, based on your DXA result, age, and sex. The risk of fractures can be reduced through medical treatment for osteoporosis. I recommend that you consult your GP for advice on this. In addition, smoking reduces bone mass and increases your risk of a fracture. In my opinion, the DXA scan should be repeated in 2 years.
Osteoporosis (bone fragility) is a loss of bone tissue and bone mineral, which leads to increased risk of broken bones after minor loads or falls. It is important to show due consideration and avoid lifting heavy burdens or bending the back while lifting. Preventing falls is important, particularly in the elderly. If you are working, you should seek advice from your doctor regarding how much lifting could be considered safe and whether some forms of work should not be undertaken. Medical treatment is possible in every case.
Detailed information about the DXA examination You can find the detailed results below. The numbers are particularly important when you seek advice from health professionals, e.g., your GP.
T À score; hip À2:0 T À score; spine À3:0 T-score is a measure of whether one has osteoporosis. A more negative number indicates a lower bone density. Scores below −2.5 define osteoporosis. Z À score; hip À1:2 Z À score; spine À2:1 Z-score is a measure of bone density compared with that of others of the same sex and age.
A positive number indicates that your bone density is above average-a negative number that it is below average. Most people have a Z-score between −2 and +2.
Yours sincerely, Dr. Nn.
